Abstract -Chlamydiosis is one of the major diseases that can lead to abortion in ewes. Since 1997, in 5 regions of Tunisia, Chlamydia-related abortions have been reported in 15 sheep and goat flocks. One hundred and sixty-six sera and 50 vaginal swab samples were collected from adult ewes. Chlamydial antigens were detected in 29 (58%) of the vaginal swabs using Enzyme Linked Immunsorbent Assay (ELISA) while 9 (18%) were positive by cell culture. Five strains were recovered from 4 different sheep flocks. Monoclonal antibody profiles and restriction fragment length polymorphism (RFLP) analysis of the 16S-23S rRNA spacer region showed that these isolates were C. abortus. Using amplified fragment length polymorphism (AFLP), these Tunisian strains were shown to exhibit the same pattern as strains isolated in France.
INTRODUCTION
The Chlamydiaceae are ubiquitous throughout the world and infect both humans and animals. These obligate intracellular bacteria exhibit a unique life cycle with two morphologically different infectious and reproductive forms: the elementary body (EB) and reticular body (RB) forms [12, 14] . Recently, phylogenetic analysis based on 16S-23S ribosomal RNA sequences has led to the classification of the Chlamydiaceae family into two genera: Chlamydia and Chlamydophila [8] . Chlamydophila abortus corresponds to the strains that previously belonged to serotype 1 of Chlamydia psittaci, the causative agent of enzootic abortion of ewes (EAE). Clinically, EAE is characterized by abortion in the last 5 weeks of pregnancy or the production of weak and generally premature lambs. Abortions due to chlamydial infection have major economic implications in ruminant breeding. In flocks encountering EAE for the first time, abortion may occur in up to 30% of pregnant sheep, and 70% of pregnant goats [18] . In flocks in which EAE is endemic however, abortion rates are lower with annual losses of 5-10%. Fertility rates are also decreased by infection with Chlamydophila abortus [18] . Other manifestations of infection include pneumonitis, arthritis, pericarditis, enteritis, and conjunctivitis [15] .
In northern and central Tunisia, small ruminant farming is an essential resource for rural populations. Serological surveys conducted on the sheep flocks in these areas have revealed that of the main investigated causes of abortion (Chlamydiosis, Q-Fever, Brucellosis, Salmonellosis, and Border disease) chlamydial infection was detected in 60% [6] . However no data related to attempts to isolate and characterise C. abortus have been published yet in Tunisia. Therefore, the aim of this work was to isolate and characterise local strains of Chlamydophila in order to compare with strains of different geographical origin.
MATERIALS AND METHODS

Samples
In 1997, sheep and goat flocks with a demonstrated problem of abortion were selected for this study. Blood and vaginal swabs were collected from females that had just recently aborted. A total of 166 sera and 50 vaginal swabs were obtained from 15 herds located in 5 different regions of Tunisia (Tab. I). Flocks 13 and 14 (Tab. I) were visited twice and three times respectively after new abortion episodes. The number of sampled animals was not related to the size of the flock. The stage of gestation at which the sampled animals had aborted was recorded. Vaginal swabs were placed directly into transport medium for chlamydiae containing Sucrose-PhosphateGlutamine buffer (SPG) [22] . They were kept at 4 o C during transportation, then stored at -70 o C until use.
Isolation of chlamydia and DNA extraction
Bacterial isolation attempts were performed using both plaque assays and blind 216 A. Rekiki et al. passages on monolayer cell cultures [17] . . After incubation at 37 o C for 2 h in a 5% CO 2 atmosphere, inocula were removed and replaced with medium. Two blind passages were performed for all cell cultures. Positive cultures and plaque cloned chlamydiae were grown in specific pathogen-free eggs and harvested yolk sacs were frozen at -80 o C. The bacteria were purified according to Caldwell et al. [5] and stored at -20 o C. Genomic DNA was prepared from purified chlamydiae as described by Boumedine and Rodolakis [3] .
ELISA
Chlamydial antigens were detected in vaginal swab samples or in cell cultures by ELISA, using a commercial diagnostic kit available for C. trachomatis detection (DAKO diagnostics, IDEIA TM , United Kingdom). The IDEIA Chlamydia Test was used as instructed by the manufacturers.
Microimmunofluorescence (MIF)
An MIF assay was performed as described by Salinas et al. [19] and Chlamydial antigens were detected using different monoclonal antibodies (Mab): RC6C4 Chlamydiosis in Tunisia 217 (specific for Chlamydiaceae), CA5G11 (specific for C. abortus), [19] and 3DA1A7 (specific for C. pecorum) [20] .
Restriction Fragment Length
Polymorphism (RFLP) of the 16S-23S rRNA spacer region RFLP analysis was performed according to Meijer et al. [13] . Briefly, amplified DNA fragments of the intergenic spacer 16S-23S rRNA were digested using Bgl II and Pst I. The resulting fragments were separated by 1.5% agarose gel electrophoresis and stained with an ethidium bromide solution.
Amplified Fragment Length Polymorphism (AFLP)
This technique was performed as outlined by Boumedine and Rodolakis [3] . Briefly, 1-2 µg of purified genomic DNA were added to restriction endonuclease, adapters and T4 DNA ligase (Promega corporation, USA) for 3 h at 37 o C. PCR amplification was then performed on 20 ng of the adapted DNA using oligonucleotides complementary to the adapters as primers. Primers with 3 nucleotides extending beyond the adapters at the 3' end were selected (P-GGT). The amplified products were separated by standard horizontal gel electrophoresis on a 1.5% agarose gel in electrophoresis buffer and stained with an ethidium bromide solution. In addition to the 5 isolates, AB7 was used as reference strain for C. abortus [10] , as well as iB1 strain for C. pecorum [16] .
Serology
Demonstration of anti-Chlamydophila antibodies in serum samples employed the Complement Fixation Test (CFT) which uses an antigen (Vetoquinol-Lure-France) that is common to all the members of the Chlamydiacae family. Titters equal to 1/40 were considered doubtful, and those equal or greater than 1/80 were considered positive [15] .
RESULTS
Chlamydial antigen detection
Chlamydiae were detected by ELISA in 29/50 (58%) vaginal swabs from 13 different flocks, 5 of which were positive with the CFT (Tab. I). These vaginal swabs were collected between 0 and 15 days after abortion and on the day following lambing for 6 others. Nine samples/50 from 6 different flocks were positive after culture. Of these, only 5 strains from 4 different ovine flocks were isolated (Tab. II). One strain came from an ewe that had lambed at-term viable lambs. One of these lambs developed conjunctivitis but the chlamydial origin of this conjunctivitis was not investigated.
Characterization
The MIF tests showed that all isolates reacted against Mabs RC6C4 and CA5G11 in the same manner as did the reference strain C. abortus AB7. No reaction was observed with Mab 3DA1A7 specific to C. pecorum (Tab. III). PCR-RFLP analysis with MspI
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A. Rekiki et al. or PstI of 16S-23S RNA showed that the restriction profiles of all isolates were the same as the reference strain C. abortus AB7 (Fig. 1) . AFLP with the selective primer P-GGT allowed the amplification of two fragments (1 000 bp and 500 bp) from the five Tunisian strains tested and the amplification pattern was similar to the C. abortus reference strain AB7 (Fig. 2) .
DISCUSSION
This study was the first attempt to isolate and characterize chlamydial strains responsible for ovine abortion in different areas in Tunisia.
Chlamydial antigens were detected by ELISA in 58% of the sampled vaginal swabs. All the positive samples had been collected between 0 and 15 days after abortion or on the day following lambing. Chlamydial shedding has been shown to decrease rapidly and become intermittent following abortion [21] . Therefore the vaginal swab results depend on the sampling dates, and negative results might reflect a too late sampling. However, timely collection of samples soon after abortion or lambing is difficult to perform in Tunisia, especially since our laboratory is located far from farmers.
One of the nine ELISAs performed on positive cell cultures was initially negative. This finding of chlamydial isolation techniques proving more sensitive than direct detection by ELISA is in accordance with those in human medicine [2] . However, of vaginal swabs positive by ELISA, only 9 grew out chlamydiae and only 5 strains were isolated. This could be explained mainly by the death of the organisms during transport to the laboratory as chlamydiae are very fragile when extracellular [22, 23] . In addition, the sampling conditions in the field were not optimal. In human medicine, patient sampling collection occurs rapidly, under ideal conditions, and in close proximity to the diagnostic laboratory. C. abortus was isolated from two ewes, which had lambed at-term viable lambs. This emphasises the fact that C. abortus can induce latent infections. These apparently healthy but infected sheep may shed chlamydiae, and are therefore a potential source of contamination for other flocks and pregnant women [4] .
Only 5 of the 13 flocks from which ELISA positive vaginal swabs were sampled, were positive to CFT. This is probably due to the time of sampling, as we have previously shown that antibodies sometimes decreased at the time of abortion or lambing and reached their higher level 4 to 6 weeks latter [11] . For this purpose it is recommended to performed serological diagnosis of abortion 3 to 6 weeks after abortion and lambing [15] as in Q fever also it is possible Chlamydiosis in Tunisia 219 to find serologically negative ewes shedding Coxiella [1] .
No discrimination between the new isolates and the reference strain AB7 isolated in France from an ovine abortion [10] , was demonstrated using either PCR-RFLP of the 16S-23S RNA intergenic spacer or MIF. These methods have been used to characterise chlamydial strains [7, 9, 13] and to type C. trachomatis with relative ease. These techniques, however, were enable to differentiate among C. abortus strains [8, 19] . For this purpose, only AFLP analysis has been used so far [3] . AFLP analysis has revealed that these strains were closely related to C. abortus strains isolated in France but different from those isolated in the United Kingdom, Greece and the USA [3] . This suggests that abortive chlamydiosis in Tunisia shares the same ancestor as French strains. The use of different enzyme and primer pairs in the application of both methods described by Boumedine and Rodolakis [3] or by Vos et al. [24] will be used in further study to answer the question of a common origin between French and Tunisian strains.
Our preliminary investigation showed the importance of C. abortus as the cause of abortion in sheep flocks. This study was the first to isolate and perform initial characterisation of the Tunisian strains of C. abortus. This work will be made more complete by including isolations from ovine and other species (for example. caprine), and from flocks localized in different regions of Tunisia. Molecular and comparative studies between local and other strains will be continued.
